Abstract: Present research deals with the synthesis of highly pure, large scale, economical and mono-dispersed magnetite nanoparticles by using electrochemical method at a low temperature of 80 º C. We have tried to indigenously develop two-electrode electrochemical cell which was later used to synthesize Iron oxide nanoparticles with different size ranges by varying different parameters. The setup brings up the oxidation of the anode and reduction of the cathode. NaCl was used as an electrolyte. For each of the sample obtained, the structural investigation was carried out by measuring XRD (X-ray diffraction). The morphology was studied using SEM (Scanning electron microscopy) and TEM (Transmission electron microscopy). Elemental composition was verified using energy dispersive X-ray spectroscopy (SEM-EDX).
Introduction
Magnetite nanoparticles have drawn a lot of attention due to their good biocompatibility, super-paramagnetism, and applications in hyperthermia, cancer cell therapy [1] [2] [3] , and so on. Also magnetite has been already used in bulk industrial production processes as catalysts for alcohol oxidation and NH 3 production [4] [5] [6] , in wastewater purification [7, 8] and as pigment and related industries [9] . In natural state, sixteen pure phases of iron oxide are known to mankind till date [10] . Due to their small size, they exhibit different electrical, chemical, magnetic and optical properties from the bulk materials [11] . Shape and size strongly affects the dispersibility in various solvents and properties exhibited by magnetite nanoparticles.
Therefore, researchers are trying to explore economical, easy and reproducible methods for synthesizing Fe 3 O 4 nanomaterials. Synthesis of iron oxide nanoparticles through co-precipitation method is quite difficult due to the instantaneous nature of this reaction which makes it difficult to control the nucleation process [12] . Some of the prominent methods currently used by researchers are: hydrothermal [13, 14] , wet-milling [15] , sol-gel [16] , pyrolysis [17] , electrochemical [18, 19] , etc. Among these, electrochemical method is the most promising but not exhaustively researched method for the synthesis procedure. For example, the precise influence of various parameters such as voltage, temperature, electrolyte, electrode spacing, ripples factor, stirring rate affecting the nucleation process, on the growth of Fe 3 O 4 nanoparticles is not fully understood yet.
In the present study, we have synthesized magnetite nanoparticles by electrochemical process using two-electrode system. We have tried to find out the effect of voltage on the particle morphology and size of magnetite nanoparticles. A preliminary hypothesis concerning the reaction mechanism during two electrode electrochemical synthesis of Fe 3 O 4 nanoparticles is also proposed. All the results and data such as crystal structure, morphology, particle size and elemental composition were investigated using, XRD Fig. 2 . Powder XRD data of the specified compositions were compared with JCPDS Card 075627. They fit well with magnetite structure with a space group Fd-3m (227). Both the powdered samples display cubic system with face-centered lattice.
Scanning Electron Microscopy
Secondary electron images of sample A (Fig. 3 ) and sample B (Fig. 4) revealed mono-dispersed spherical nanoparticles with an average particle size of 50 nm for low applied voltage (2 V) whereas for high applied voltage (4 V) the average particle size comes out to be 100 nm. SEM-EDX spectra of sample A and B are shown in Figs. 5a and 5b, respectively. Both of these spectra show Fe-K and O-K peaks. The Au peak at 2.2 KeV arises due to the gold coating.
Transmission Electron Microscopy
The TEM bright field images at low and higher magnification are shown in Fig. 6a and 6b respectively. They reveal nearly spherical nanoparticles with an average particle size in the range of 30 to 50 nm for low applied voltage (2 V DC) sample A in agreement with the SEM imaging. The corresponding selected area diffraction pattern (Fig. 6c) reveals 220, 311, 400 and 440 rings of magnetite structure. High resolution TEM image (Fig. 6d ) of magnetite nanoparticles reveals 0.27 nm lattice spacing.
Discussion
Synthesis of pure and highly mono-dispersed Fe 2 O 3 nanoparticles have been quite interesting task among research workers. In the present study, it has been shown that during the dissolution of iron electrode in There is chain of reactions which take place in the formation of magnetite nanoparticles. At each and every step, the change in color of the solution was noted.
At the beginning of the experiment, when the potential difference is zero, the solution is transparent. As the reaction started, the iron anode was oxidized:
Fe → Fe 2+ + 2e -(1) And the reduction of water occurs at the cathode according to the following reaction: After the formation of ferrous hydroxide, the color changes to reddish-brown, this slightly marks the presence of FeOOH which comes from: 3Fe(OH) 2 4 , current density and supporting electrolyte plays an important role. It was observed that at higher current density, the Fe 3 O 4 nanoparticles formation rate comes out to be faster. In our studies, we had also taken into account the role of supporting electrolyte and used sodium chloride (NaCl) for that purpose. At higher concentrations of sodium chloride (NaCl), the synthesis rate was faster and vice versa.
Conclusions
Magnetite nanoparticles with average particle size of 50 nm at operating voltage of 2 V DC and 100 nm at operating voltage of 4 V DC have been successfully synthesized. The achieved nanoparticles are mono-dispersed and crystalline in nature with face-centered cubic structure. With increase in operating voltages, the particle size increases and vice versa.
